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Abstract 
This article describes a method for making a spectroscope from scrap materials, i.e. a 
fragment of compact disc, a cardboard box, a tube and a digital camera to record the 
spectrum. An image processing program such as ImageJ can be used to calculate the 
wavelength of emission and absorption lines from the digital photograph. Multiple 
images of a spectrum can be stacked to reduce random noise, enabling spectra of faint 
objects to be obtained. Some basic experiments are described, such as viewing the 
spectrum produced by various types of lamp and the Sun.  
 
Introduction 
Many articles and websites have been produced describing homemade spectroscopes 
[1-7]. Here we focus on how a digital camera can be used record a spectrum produced 
by a homemade spectroscope. 
 
This article has been entitled “The music of the spheres” as there is a connection 
between compact discs (CDs) and celestial orbs. The CD was originally developed by 
the Japanese company Sony to record music in digital form to replace analogue vinyl 
discs and magnetic tape. The vice president of Sony at the time specified that the 
capacity of a CD should be sufficient to record Beethoven’s ninth symphony, i.e. 74 
minutes in duration. It just so happens that the spacing between the tracks on a CD 
(1.6 µm) are comparable to the wavelength of light, which serendipitously renders the 
CD an instrument of science as well as art.  
 
Spectroscopes used in professional astronomy usually cost several million dollars and 
take years to design and build. An example is shown in figure 1. Nevertheless, in 
principle, a homemade spectroscope in conjunction with a digital camera operates in 
the same way as a professional spectroscope.  
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Figure 1. Photograph of the spectroscope attached to the UK Schmidt telescope at the Siding Spring 
Observatory, NSW, Australia. A–optic feed from telescope, B–fibre separator, C–transmission grating, 
D – CCD camera, E–cryogenic cooling system (to reduce electronic noise). The whole set-up is 
attached to an optical bench for stability. (For more information visit  www.aao.gov.au/ukst/). 
 
 
Constructing a spectroscope 
A CD is almost a ready-made spectroscope, as can be seen by looking at its surface. 
Bands of colour are evident due to the constructive and destructive interference of the 
light reflecting off the surface.  Figure 2 shows a schematic diagram and photo of a 
cardboard box-style spectroscope, and figure 3 shows the surprisingly high quality 
spectrum that can be obtained from such a device. A narrow slit can be produced by 
placing the edges of two razor blades together. The camera is focused on the slit. If 
the camera has manual focus this should be set to the lens-slit distance. If the camera 
is unable to focus on a slit because it is too close, a weak magnifier such as a lens 
from inexpensive (or discarded) reading glasses can be placed just in front of the 
camera lens to serve as a close-up lens. 
 
With a CD grating there will be some distortion in acquiring a lamp spectra as the 
light reflecting off the CD is divergent rather than parallel. However, this is not true 
when observing celestial orbs. The Sun and Moon are so far away from the Earth that 
sunlight and moonlight are effectively parallel. If the spectrum of a lamp is being 
acquired, the accuracy can be improved by interposing a lens between the lamp and 
CD; with the lamp placed at the focus of the lens so that parallel light rays pass 
through the diffraction grating. 
 
A 
B C 
D 
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A
C
SIMPLE CD-SPECTROSCOPE
Light passes through slit (A) reflects from CD
surface (B) to eye or digital camera (C). Width of slit 
should 0.5mm or less
Made from biscuit packet 20x5x5 cm
Any cardboard box will do so long as CD 
angle is tipped 30° to length of box (or 60°
to normal to incident beam from slit)
B
60°
30°
A CD, some card,
scissors and adhesive
tape is all that is
required
 
 
 
Figure 2. Schematic diagram of a home-made spectroscope made from a biscuit packet.  
T8 fluoro tube
Compact flouro
High pressure sodium
Low pressure sodium
Reversal- high pressure self absorption
Na
 
 
Figure 3. Example of spectra obtained from different sources made using a spectroscope similar to that 
shown in figure 2. 
 
Solar spectrum 
Figure 4 shows a section of the solar spectrum obtained using a homemade 
spectroscope and digital camera. Dark (Fraunhofer) absorption lines are clearly 
visible. Solar absorption lines are produced by the black body emission from the 
photosphere being absorbed on passing through the solar atmosphere. An image 
  
 
4 
analysis program such as ImageJ (which can be downloaded free of charge from 
http://rsbweb.nih.gov/ij/) can be used to plot a profile through the spectrum to identify 
the positions of the lines. A profile plot of the solar spectrum in figure 4 is shown in 
figure 5. A calibration curve is shown in figure 6. This was obtained by finding the x 
coordinate of the main dips in the spectrum and plotting the x coordinate against the 
known wavelength. The data used to generate this plot are shown in table 1. In 
principle this calibration curve could be used to determine the wavelength of fainter 
lines in the solar spectrum. 
 
Table 1. Data used to produce the solar spectrum calibration curve in figure 6. 
 
Colour 
Fraunhofer 
band 
Wavelength  
(nm) X coordinate on spectrum 
Red C 656.3 615 
Green E 527 261 
Yellow D 589.3 435 
Blue F 486.1 175 
Blue H 396.8 27 
 
 
 
Figure 4. Solar spectrum taken using a homemade spectroscope and digital camera. 
The image was loaded into ImageJ and rotated so that the spectral lines were oriented 
vertically. This enabled a profile to be generated from a rectangular region of interest 
rather than a single line, improving the signal to noise ratio.  
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Figure 5. Profile plot trhough the solar spectrum shown in figure 4. The absorption lines appear as dips 
in the profile. The first dip on the left is the first dark line in the blue regtion to the left of the spectrum 
in figure 4, and is the H Fraunhofer line. 
 
 
 
Figure 6. Plot of the x coordinate of the major dark Fraunhofer lines obtained from the spectrum in 
figure 5. A second order polynomial was fitted to the data points. (This curve is not bad for a zero cost 
instrument!). 
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Conclusion 
A surprising amount of science can be performed with a homemade spectroscope and 
digital camera for very little cost. The method described in this article could be useful 
in the developing world where resources are limited. CDs are also readily available in 
most places of the world, as are mobile phones1
 
, most of which have inbuilt digital 
cameras. Although the quantitative section of this article is limited in scope, hopefully 
it could serve as a foundation for those who want to explore ‘scrap’ quantitative 
spectroscopy further. 
Appendix A 
 
 
Average a sequence of images in ImageJ 
 
1. The first step is to take a sequence of digital images of a spectrum. A major 
difficulty can be keeping the camera still between exposures. Even if the camera and 
spectroscope are stable, pressing the shutter button can be enough to move the image 
between exposures. This problem can be avoided using a remote control device so the 
camera does not have to be touched between exposures. Some cameras can be 
controlled by a computer via a USB connection.  
 
2. Load the images to be averaged into ImageJ using File/Import/Image Sequence… 
 
3. Select Image/Stacks/Z Project… the Average option is offered as the default. A 
better result is obtained using the “Sum slices” option. An average image will be 
displayed. 
 
Calibrating a CD spectroscope 
When looking at a spectrum it can be very difficult to identify the wavelength of each 
line. This can be made easier by producing a calibration curve for the spectroscope, as 
follows. 
 
 
1. Acquire a sequence of digital images of the spectrum of a fluoro tube. 
 
2. Sum the images as described above. For example the green line in the mercury 
spectrum is at 546.07 nm – this is fairly easy to identify as mercury has only 
one green line. 
 
3. Use a table (e.g. the one below) to identify the wavelength of lines in the 
spectrum. 
 
4. Load the image into ImageJ, use the line drawing tool to draw a line through 
the spectrum  and then do a profile plot. If possible, the profile line should be 
oriented at a right angle to the spectral lines. 
 
5. Move the cursor onto the peak of each line and record the x coordinate. 
                                                 
1 A QUT colleague of SH who comes from India said that although it is hard to obtain fresh water in an 
Indian village getting hold of a mobile phone is no problem. 
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6. Construct a table with three columns.  In the first column write the colour of 
the line and thickness  (e.g. thin blue, thick blue), in the second column record  
the x coordinate and in the third the wavelength. 
 
7. Use a spread sheet program such as Excel to plot a graph of x versus 
wavelength;  x should be on the x-axis (abscissa) the wavelength on the y-axis 
(ordinate). 
 
8. Fit a line or curve to the points and include the equation. A second order 
polynomial usually works well. 
 
When a new spectrum is obtained, find the x coordinate of the peaks using the profile 
plot in ImageJ and feed it into the regression equation to find the wavelength of the 
unknown peak. However, a problem with this is ensuring that the calibration image 
and image of the test light source overly each other. One way of achieving this would 
be to use a fibre optic cable to channel light from different sources. Figure A.1 shows 
a spectrum of a fluoro produced by summing 20 images using ImageJ. 
 
 
 
Figure A.1. Fluoro spectrum constructed from 20 individual images added together. A profile line is 
shown. 
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Figure A.2. (a) A profile through a single  spectral image.  
 
 
 
Figure A.2 (b) Profile line through a spectrum of 20 summed spectral  images. Note that there is 
significantly less noise compared to part (a) of this figure. 
 
Figure A.2 (a) shows a profile through the spectral lines of a single image and figure 
A.2 (b) shows a profile through the spectrum of 20 summed images. Note that the 
random noise is much less in the spectrum produced using 20 images. Figure A.3 
shows a calibration curve produced using the spectrum in figure A.2 (b). The equation 
of a linear least squares fit is λ = 0.5924 x + 362.14, where λ is the wavelength in nm 
and x the x coordinate of the peak in the profile. The R2 value is 0.9982.  
 
There appears to be a smaller peak overlapping the tall red peak on the right. Using 
the calibration regression equation, the wavelength of this peak is approximately 620 
nm and so is probably due to the mercury red line at 623.4 nm (table B.1). The peak 
further to the right lies between 628 and 638 nm, which doesn’t correspond to any 
particular line but is probably due to the combined effect of the 623.4 and 690.7 nm 
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lines. The error in the regression equation can be ascertained by putting the original 
profile coordinates into the regression equation and calculating the difference between 
actual and regression wavelengths.  
 
 
 
Figure A.3. Calibration curve produced using the spectrum shown in figure 8(b). 
 
Appendix B 
 
Spectral lines for mercury. A comprehensive resource for checking spectra 
wavelengths is the Handbook of Basic Atomic Spectroscopic Data, which can be 
accessed at:  http://physics.nist.gov/PhysRefData/Handbook/. The data can be 
downloaded from the web as a collection of linked HTML files and run on a local 
computer. 
 
 
Colour Relative Intensity Wavelength (nm) 
Violet 1 404.66 
Violet 0.7 407.78 
Blue 1 435.83 
Blue-Green 0.5 491.6 
Blue-Green 0.5 496.03 
Green 1 546.07 
Yellow 1 576.96 
Yellow 1 579.07 
Red 0.5 607.26 
Red 0.6 612.35 
Red 0.7 623.44 
Red 0.8 690.75 
 
Table B.1. Colour, intensity and wavelength of the lines in the mercury spectrum. 
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